The theoretical evidence that mechanisms of ecosystem organization and population regulation can respond to environmental characteristics provided the conceptual basis for this study. Research emphasis was placed on determining environmental parameters that would quantitatively indicate the seasonal requirements of breeding ducks. To this end, a study area was selected that provided a continuum of wetlands ranging from biologically productive hardwater ponds to less productive soft water ponds, yet was small enough to avoid geographical influences on populations. 
Study Ponds
Field studies were conducted on 21 beaver ponds selected from the numerous ponds present in the area. Seven carbonate ponds were located in the sedimentary lowland and 14 in the Precambrian Shield ( 
Vegetation
To establish the relationship between water chemistry and biological productivity, I estimated the 1970 production of submerged macrophytes in four ponds chosen to represent the range of water chemical conditions in the study area.
Macrophyte production estimates were made from seasonal changes in plant biomass, essentially following the procedures of Westlake (1969) . Random numbers were used to select 15 sampling stations in C-3, PC-1, and PC-3, and 20 in PC-2. Collections were made six times between midMay and mid-August. Macrophyte samples were taken by pushing a 20.3-cm-diameter cylinder into the substrate and removing all the enclosed plant material. In the laboratory, samples were separated into species, encrusted carbonates were removed with 0.02 N HC1, and dry weights were taken. Results were expressed as grams of dry plant material per square meter.
Duck Populations
Ducks were censused weekly from early May through early September each year. Counts usually were made in early morning and were supplemented with observations made during other work. The methods of counting ducks depended on the season and the nature of the pond. The usual technique was to travel around the pond periphery in a canoe with two retrievers working the edge. In counting broods, one man walking on the shoreline with the dogs between him and another man in a canoe proved most efficient. The locations of all duck sightings were recorded on copies of base maps of the ponds. From these data, estimates were made of the total populations of breeding pairs, broods, and late summer fledged and adult ducks. Duck species observed in the study were mallards (Anas platyrhynchos), black ducks (A. rubripes), blue-winged teals (A. discors), green-winged teals (A. crecca), wood ducks (Aix sponsa), ring-necked ducks (Aythya collaris), and hooded mergansers (Lophodytes cucullatus).
RESULTS

Water Chemistry
All study ponds contained water of the bicarbonate type but showed considerable pond-to-pond variability in ionic concentrations (Table 1) PC-12 were medium hard, and the remaining ponds were of the soft water type.
Vegetation
Maximum seasonal standing crops of submerged macrophytes ranged from 44 g/m2 in PC-1 to 61 g/m2 in PC-2 (Fig. 2) . These data alone would suggest that macrophyte production was similar under all water chemical regimes. However, when growth rates were considered, seasonal production showed a marked response to water chemistry. In hard water C-3, rapid spring growth produced maximum biomass levels in May that persisted for much of the growing season. Growth rates in the other three ponds decreased in proportion to decreasing water hardness. In the most dilute pond, PC-3, maximum production was not reached until July, and there was no biomass plateau ( When macrophyte production is considered as an energy resource base for consumer organisms, the temporal dimension of biomass provides a more valid expression of productivity than maximum seasonal biomass. In this respect macrophyte productivity is clearly a function of water quality. These data formed the basis of the assumption that, within the study area, water chemistry could be employed quantitatively as a measure of pond fertility.
Duck Populations
Results of the 1966, 1967, and 1969 duck censuses indicated that the patterns of pond utilization varied from pond to pond and were not constant throughout the breeding season (Tables 2, 3 ). The data suggested that densities of breeding pairs were dispersed evenly on all ponds, whereas broods and fledged ducks were aggregated on the more biologically productive ponds. To further define the apparent spatial and temporal changes in habitat utilization, I designed a field experiment for the 1970 field season. With existing geological and water chemical information it was possible to select a continuum of 21 ponds that varied in both biological production and surface water area where the seasonal pat- terns of pond utilization could be monitored (Table 3) . Changes in the environmental requirements of duck populations in the study area were quantified by analyses of variance, i.e., by the method of fitting constants placed in a multiple regression context to relate duck numbers, x (transformed by log [x + 1]), to physical and chemical pond characteristics. To determine whether there was a temporal shift in environmental requirements, I analyzed the three life history stages of the breeding cycle separately. In each of the 3 analyses, data from all 4 years were included, so that a pond that was studied for more than 1 year was treated as a separate pond for each year.
Pond areas and shoreline lengths were calculated for each pond in all years during early May, mid-June, and mid-August to A summary of the three analyses is given in Table 4 . The high positive F value for pond area in the breeding pair analysis indicated the strong relationship between pair numbers and pond size. Associated with this response, however, were significant negative relationships with calcium and chloride. Since concentrations of both of these ions were lower in the soft water ponds, the negative relationships indicated a trend towards selection of more sterile waters by breeding pairs.
Significant factors in the analysis for broods were distinct from those for pairs (Table 4) . Brood numbers were positively related to concentrations of calcium and silica, and negatively related to total manganese, indicating selection of harder water ponds. Since brood numbers were high in some of the non-dolomitic ponds that have low chloride concentrations, there was a negative relationship between brood numbers and chloride. Although broods did select more fertile ponds, the positive relationship with shoreline length indicated that they still were associated with pond morphometry.
The distribution of fledged ducks was independent of the morphometric characteristics of the ponds (Table 4 ). The positive associations with calcium and silica and the negative relationship with iron reflected the selection of harder water ponds. There were also negative relationships with magnesium and chloride, both of which had low concentrations in the non-dolomitic hard water ponds, C-6 and C-7. The significant year effect in this analysis indicated that there was some annual variation in the fledged duck populations. However, the relatively high total reduction in sums of squares for the three analyses indicated that the selected environmental characteristics accounted for a large proportion of the variability in the distribution of duck populations within the study area.
DISCUSSION
The results showed a definite seasonal shift in the environmental requirements of duck populations. The number of breeding pairs that a given pond can accommodate is primarily a function of pond surface area. There was no evidence of selection of edaphically rich wetlands. The fact that pair densities were relatively constant in a spatially heterogeneous environment indicated dispersion of the population by behavioral spacing. Although territoriality and the resulting spacing of breeding ducks generally are acknowledged, there are various interpretations of the effects on populations. A common conclusion is that ducks prefer fertile wetlands and inhabit less fertile areas only when they are forced into them by overcrowding. In Wisconsin, where breeding populations were low as a result of heavy hunting pressure, Jessen et al. (1964) concluded that breeding pairs selected more fertile habitats. However, in the Waubay region of South Dakota, Evans and Black (1956) found that breeding ducks were evenly dispersed over all available habitat. Dzubin (1969) concluded that spacing mechanisms function to disperse pairs and nests, but usually result in the utilization of less stable habitat with resulting decreased production. According to Dzubin and Gollop (1972), spacing behavior dispersed mallard breeding pairs in the numerous small ponds of the prairie parkland and may have played an important role in determining breeding densities. However, they suggested that spacing mechanisms played a minor role in influencing continental reproductive output.
In this study, it can be concluded that spacing mechanisms dispersed the breeding pair population in relation to the availability of water, and that habitat fertility was not a factor in pond selection by pairs.
In contrast with the evenly dispersed breeding pairs, brood densities were highest on the harder water ponds. The positive relationship established between submerged macrophyte productivity and water hardness reflects brood selection of the more biologically productive wetlands in response to greater availability of food.
Although the distribution of broods showed a movement to more fertile ponds, the selection was not complete. There was an associated relationship with shoreline length, which indicated the behavioral requirement of broods for escape cover. Most brood sightings were near the shoreline, in or close to cover of some sort. Evans and Black (1956) concluded that the selection of brood rearing habitat depended on the availability of a means of escape from predators. In the case of dabbling ducks, this was furnished primarily by emergent vegetation.
By late summer, fledged and adult ducks showed an even stronger selection of fertile ponds than did broods. Highest densities consistently were found on the hard and medium-hard water ponds, regardless of pond size or configuration. The conclusion from these data is that wetland fertility is The evolutionary importance of temporal environmental variability to ecosystems has been stressed by Odum (1969) and Loucks (1970) . Loucks advanced the hypothesis that evolution in ecosystems has brought about an adaptation to both heterogeneous environments and to a repeating pattern of changing environments. He suggested that high levels of ecosystem diversity and productivity can be due to temporal environmental heterogeneity which triggers the recycling and rejuvenation of the biotic systems. Loucks concluded that the periodicity of such environmental changes can range from several centuries in the northern lake forest to a few decades or even annually in the grasslands.
Wetland ecosystems in the pothole region, where the majority of North American ducks are produced, illustrate Loucks' hypothesis. Wetlands in this fertile area are highly productive. Succession here should be short-lived. However, environmental change in the form of drought cycles results in the drying out of many of the basins, and the ecosystems are periodically rejuvenated. Thus, the wetlands are maintained at early successional stages and provide productive breeding habitat for ducks. Sanders (1969) The long term persistence and high productivity of prairie wetland ecosystems, which provide most of the breeding habitat for dabbling ducks, is due in great part to temporal environmental heterogeneity. Such wetlands are dependent on periodic climatic changes, and, as such, they are unpredictable ecosystems. I consider the seasonal variations in the environmental requirements of the different life history stages of dabbling ducks to be an evolutionary adaptation to temporal environmental heterogeneity that allows rapid equilibration of populations with habitat availability. While such a strategy of population regulation may have evolved in a temporally heterogeneous environment, it allows populations to exist at relatively high densities in a spatially heterogeneous environment, fully utilizing both the available water area and food resources. 
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